Fauna of Cladocera (Crustacea: Branchiopoda) of Sabah state of Malaysia, Borneo Island, was evaluated for the first time. Samples from 40 locations were studied, and 31 species of Cladocera were revealed, including three species of Sididae, one species of Daphnidae, one species of Moinidae, four species of Macrothricidae, two species of Ilyocryptidae, and 20 species of Chydoridae. One species of Ilyocryptidae, Ilyocryptus yooni Jeong, Kotov and Lee, 2012, is recorded for Malaysia for the first time, and one more, Anthalona sp., is probably new for science. Of 31 species recorded for Sabah, only three are true planktonic species and 28 are substrate-associated species. Absence of large natural lakes, habitats with most rich cladoceran fauna, can be an important factor limiting diversity of Cladocera in Sabah.
Introduction
Cladocera of South-East Asia has been actively investigated during the last few decades. Cladoceran fauna was reevaluated for Thailand by Maiphae et al. (2008) . Local faunas were recently investigated in some regions of Thailand, Cambodia, Laos and Vietnam (Tanaka & Ohtaka 2009; Van Damme et al. 2013; Kotov et al. 2013; Sinev & Korovchinsky 2013 ). All available information on SE Asia was summarized by Korovchinsky (2013) . In contrast, cladoceran faunas of numerous islands and archipelagos of South-East Asia remain poorly studied, and modern data were recently obtained only for Philippines (Pascual et al. 2014) .
There is no reliable species list for the whole Indonesian archipelago, according to Korovchinsky (2013, p. 117) , "the last considerable investigation of the Cladocera of Indonesian islands" was the work of Johnson (1956) . Malaysian fauna, including fauna of Malaysian Borneo, was investigated by Idris (1983) , this monograph contained good illustrations, sound descriptions and reliable keys, which as a result quickly became the main, universally used identification guide for cladoceran fauna of South-East Asia. While Idris listed 62 species for Malaysia, Idris's (1983) book had a significant drawback as a source of information on Borneo fauna since areas of species distribution within the country were not listed for most species. Most of Idris's (1983) materials were collected in the Peninsular Malaysia, and it is impossible to be certain what is the representative of most species in Malaysian Borneo. Idris (1983) listed specific localities for 23 rare species, all of them were found in peninsular region of Malaysia. No rare species were found on the island region.
The aim of the present study was to investigate the cladoceran fauna of Sabah state of Malaysia, a North-East extremity of Borneo Island. Sabah water bodies include river systems, small lakes, ponds, ditches and channels, swamps and paddy fields in some areas. There are only about 8 lakes in Sabah with an area 7.18 km 2 (Zati & Salmah 2008 ). This figure (Zati & Salmah 2008) does not include some ox-bow lakes along major rivers such as Kinabatangan.
Material and methods
Samples were collected during 9-12 October 2013 by the authors and their assistants. 40 localities, including small lakes, ponds, streams, ditches, and paddy fields, were sampled (Table 1) . Samples were collected with a standard plankton net (25 cm diameter, 50 µm mesh size), and dip net (70 µm mesh size) and preserved in 3% formaldehyde. In locations with a complex structure of the littoral zone, samples were taken simultaneously in different types of vegetation, by the suitable for the vegetation type method; plants with submerged or floated leaves were collected and we rinsed the cladocerans from the substrates in a bucket, reed-like plants scraped by dip net, etc. Cladocera were found in 28 locations listed in Table 1 . The animals were selected from the samples under a binocular stereoscopic microscope Biolam MBI-10, placed on slides (in a drop of a glycerol-ethanol mixture) and studied under the compound microscopes Olympus CX-41 and CX-51. Dissections were conducted with electrolytically sharpened tungsten needles. Measurements were conducted using an eyepiece-micrometer. Drawings were made by means of camera lucida. 
Results
This study revealed 31 species of Cladocera, including three species of Sididae, one species of Daphniidae, one species of Moinidae, four species of Macrothricidae, two species of Ilyocryptidae, and 20 species of Chydoridae (see Table 2 ). One species of Ilyocryptidae, Ilyocryptus yooni Jeong, Kotov and Lee, 2012 , is recorded in Malaysia for the first time, and one more, Anthalona sp. is probably new for science, whilst all other species were recorded for Malaysia by Idris (1983) . Of 31 species recorded for Sabah, only three are true planktonic species and 28 are substrate-associated species. The taxonomical comments on the species found are presented below.
Family Sididae
Diaphanosoma excisum Sars, 1885. Found in one pond only (loc. 1), but rather abundant here. The species is widely distributed in tropics and subtropics of Eastern Hemisphere, eurytopic, often dominates zooplanktonic communities. For descriptions see Korovchinsky (1992 Korovchinsky ( , 2004 .
Diaphanosoma sarsi Richard, 1894. Found in ponds and in a paddy field. The species is widely distributed in tropics and subtropics of the Eastern Hemisphere. For descriptions see Korovchinsky (1992 Korovchinsky ( , 2004 .
Pseudosida szalayi Daday, 1898. Littoral species, uncommon in Sabah, found in one lake (loc. 7), one ditch (loc. 18) and in a paddy field (loc. 28). Paleotropical species, rather common in tropical Asia. Phytophilous species. For detailed description, see Korovchinsky (2010) . Recorded by Idris (1983) as Pseudosida bidentata Herrick, 1884.
Family Daphnidae
Ceriodaphnia cornuta Sars, 1888. One of the common species, found in all types of localities except swamps, usually numerous. Planktonic. Species was described from Australia. C. rigaudi Richard, 1884, described from North Vietnam, is presumed to be a form of C. cornuta (Rzoska 1956; Kotov & Ferrari 2010 ) but future revision is needed. Taxon of unclear status, presumed to be pantropical, but most probably a species-complex. Molecular studies suggest that there are no sharing species from this complex in different continents (Sharma & Kotov, 2013) .
Family Moinidae
Moinodaphnia macleayi (King, 1853). One of the common species, found in all types of localities except swamps. Littoral species, associated with muddy bottom and vegetation, attach itself to the substrate like Simocephalus. For description see Goulden (1968) . The species was described from Australia, and presumed to be pantropical (Goulden 1968) , populations from South-East Asia are probably conspecific with Australian ones.
Family Macrothricidae
Grimaldina brazzai Richard, 1892. Rare species, found in a single pond (loc. 5). Littoral species. For description see Smirnov (1992) and Hollwedel et al. (2003) . The species presumed to be pantropical (Smirnov 1992 ), yet it is most likely a species-complex.
Guernella raphaelis Richard, 1892. Uncommon species, found in two ponds, one lake and in a paddy field. For description see Smirnov (1992) . The species is presumed pantropical (Smirnov 1992) and is rather common in the Oriental region, yet it is most likely a species-complex.
Macrothrix spinosa King, 1853. Uncommon in Sabah, found in two swamps, two ponds, ditch and a paddy field. For description, see Smirnov (1992) and Hollwedel et al. (2003) . Species presumed to be pantropical (Smirnov 1992) , common in the Oriental region. Table 1 ). Macrothrix triserialis (Brady, 1896). One of the common species, found in all types of localities except swamps. For description see Smirnov (1992) and . Species presumed to be pantropical (Smirnov 1992) , but identity of Neotropical and African populations with M. triserialis s. str., described from Sri Lanka, is doubted .
Family Ilyocryptidae
Ilyocryptus spinifer Herrick, 1882. Uncommon in Sabah, found in one pond, one stream and in a paddy field. Benthic species, associated with muddy or clay bottom. For detailed description see Kotov & Dumont (2000) . The species is cosmopolitan, no evidence of non-cosmopolitanism has been found (Kotov & Dumont 2000) , common in the Oriental region.
Ilyocryptus yooni Jeong, Kotov & Lee, 2012 . Single specimen (Fig. 1A-D ) was found in a small stream (loc. 25), co-occuring with I. spinifer. I. yooni belongs to the agilis-line sensu Kotov & Elías-Gutiérrez (2009) , which is characterized by at least a short distance between proximalmost lateral seta and anus, short spinules at the base of ventral margin of the postabdominal claw, and posterior setae of valves with additional spines (Fig. 1A-B) . It differs from its sibling-species with complete moulting, I. agilis and I. isanensis, by the absence of any spinules between bases of teeth of preanal margin of postabdomen (Fig. 1D ). I. yooni can be differentiated from I. spinifer by complete moulting and by lateral row of spines on postabdomen ending at anal margin. For detailed description see Jeong et al. (2012) . The species is known from Far East of Russia, Japan, Korea and North China (Jeong et al., 2012) , recently it was found on Hainan island (Sinev et al., 2015 in press).
Family Chydoridae
Subfamily Aloninae
Alona cambouei de Guerne & Richard, 1898. Rare species in Sabah, found in one pond and in a paddy field. Littoral species, associated with vegetation. For detailed description, see Sinev (2001) . Distributed in Mediterranean region, Africa and tropical Asia, frequently associated with paddy fields. Recorded by Idris (1983) as Alona cf. pulchella King, 1853.
Anthalona harti harti Van Damme, Sinev & Dumont, 2011 . Found in six ponds and a lake; ephippial female and male were found in loc.12. For detailed descriptions see Van Damme et al. (2011) and . Distributed in tropical Asia, Mediterranean region, and Africa (Van Damme et al. 2011 , Sinev & Kotov 2012 . Recorded by Idris (1983) as Alona verrucosa Sars, 1901.
Anthalona sp. A single specimen (Fig. 1E ) was found in a lake (loc. 12) together with A. harti. It differs from both Anthalona harti harti and described from Borneo Anthalona obtusa Van Damme, Sinev & Dumont, 2011 by unusual morphology of postabdomen, with weakly developed preanal angle. Unfortunately, specimen was lost due to the unsuccessful dissection. We speculate it belongs to a new, not yet described species of Anthalona.
Coronatella cf. rectangula (Sars, 1862). Rare in Sabah, a single specimen was found in a pond (loc. 24). Littoral species. C. rectangula s. str. is a common Palearctic species. The south border of C. rectangula s. str. distribution is unknown, species is reported from South-East Asia and India. Morphology of Malaysian specimens agreed with description of C. rectangula by Frey (1988) and Van Damme & Dumont (2008) , but they have more narrow postabdomen, slightly narrowing in postanal portion (see Idris 1983) . Future studies of C. rectangula complex are needed. Recorded by Idris (1983) as Alona cf. rectangula Sars, 1862.
Coronatella cf. acuticostata (Sars, 1903) . Rare species here, several specimens were found in one lake (loc. 12) and one pond (loc. 13). This taxon is usually recorded in South-East Asia as Alona monacantha Sars, 1901 or Coronatella monacantha (Sars, 1901) . It is rather common in South-East Asia, being recorded from Thailand, Malaysia, Laos and Cambodia. Recorded by Idris as Alona cf. monacantha Sars, 1901. C. monacantha s. str. was described from South America and probably is only Neotropical species (Sinev 2004 (Fig 1H) with slightly curved, thick basal spine (in C. monacantha it is straight and thin). Setae of inner distal lobe of thoracic limb I in C. cf. acuticostata from Sabah bear very long spines (Fig. 1J) , two basalmost spines of inner distal lobe seta 2 are almost as long as basal part of the seta, while in C. monacantha these spines are 2.5 times shorter than basal part of the seta. Euryalona orientalis (Daday, 1898). Rare species here, found in one pond and in a paddy field. Littoral species, associated with vegetation. For detailed description see Rajapaksa & Fernando (1987a) . According to these authors, a common pantropical species.
Karualona karua (King, 1853). Species described from Australia and reported from Africa and tropical Asia; according to some authors, K. karua is a species-complex. All studied populations have similar morphology and are similar to the form reported by Van Damme et al. (2013) from South Thailand, Kotov et al. (2013) from Laos and Sinev et al. (2015 in press ) from Hainan; these populations are characterized by very small basal spine of postabdominal claw.
Kurzia longirostris (Daday, 1898). Uncommon species in Sabah, found in two ponds and a paddy field. For detailed description see Rajapaksa & Fernando (1986) . Species presumed to be pantropical (Rajapaksa & Fernando, 1986) .
Leydigia ciliata Gauthier, 1939. Rare species in Sabah, found only once in a paddy field. Benthic species, associated with muddy or clay bottom. For detailed description see Kotov et al. (2003) , for description of male see Sinev and Sanoamuang (2011) . Known in Africa, tropical Asia, common in Oriental region.
Notoalona globulosa (Daday, 1898). Rare species, found in one ditch and in a paddy field. Littoral species, associated with vegetation. For detailed description see Rajapaksa & Fernando (1987b) . Distributed in Africa and tropical Asia. Recorded by Idris (1983) as Indialona globulosa (Daday, 1898).
Oxyurella singalensis (Daday, 1898). One of the common species, found in all types of localities but lakes. Littoral species, associated with vegetation. Recently shed ephippia were found in locality 5. Littoral species, associated with vegetation. For description see Idris (1983) , for description of male - Sinev & Sanoamuang (2011) . Common Oriental species.
Subfamily Chydorinae
Chydorus eurynotus Sars, 1901. Found in four ponds, lake and ditch. Littoral species. For description see Smirnov (1996) , for description of Oriental populations see Idris (1983) and Sinev (2014) . Species was described from South America, presumed to be circumtropical according to Smirnov (1996) , but needs a revision. Common in Oriental region.
Chydorus idrisi Sinev, 2014 . One of the common species, found in all types of localities, usually abundant. Littoral species, common on both vegetated and open littoral. For detailed description see Sinev (2014) . C. idrisi is presently known from Malaysia, South Vietnam and Hainan Island, but probably is distributed over all South-East Asia (Sinev, 2014; Sinev et al, in press ). Recorded by Idris (1983) as Chydorus cf. pubescens Sars, 1901. Two postephippial females were found in locality 5; such individuals can be recognized by straight or even slightly concave dorsal margin of valves (Fig. 1K) . In general appearance, such individuals greatly differ from both parthenogenetic and ephippial females (for comparison see Sinev 2004) , and postephippial females of European Chydorus sphaericus were even described as a separate species, Chydorus mutilus Kreis, 1921 (Brancelj 1996) . This is the first record of postephippial females for tropical populations of Chydorus.
Chydorus reticulatus Daday, 1898. Rare species, found in a single forest pond (loc. 22). For description see Michael & Hann (1979) , Idris (1983), and Frey (1982) . Species of Oriental region, reported for Sri Lanka, India, Thailand, Vietnam, Java and Malaysia.
Chydorus parvus Daday, 1898. Uncommon species, always found in abundant submerged macrophytes (loc. 10, 11). For description see Smirnov (1996) and Idris (1983) . Tropical species, described from Sri Lanka, frequently recorded in South-East Asia.
Dadaya macrops (Daday, 1898) . Rare in Sabah, found in one lake and one pond with abundant macrophytes. Littoral species, associated with the water surface. For detailed description see Rajapaksa & Fernando (1982) . The species was described from Sri Lanka, presumed to be circumtropical (Smirnov 1996) , common in the Oriental region.
Dunhevedia crassa King, 1853. Single specimen was found in a pond (loc. 1). Littoral species. For description see Smirnov (1996) . The species was described from Australia, presumed to be cosmopolitan (Smirnov 1996) .
Dunhevedia serrata Daday, 1898. More common than its congener, found in three ponds and a ditch. For detailed description see Rajapaksa & Fernando (1987c) . The species was described from Sri Lanka, distributed in Africa, tropical Asia and New Guinea (Smirnov 1996) .
Ephemeroporus barroisi (Richard, 1894). Described from East Asia, the species was presumed to be pantropical (Smirnov 1996) , but probably presents a species-complex. Recent attempt of species redescription (Yalim & Ciplak 2010) was not successful due to the insufficient quality of descriptions and illustrations, but in our opinion Borneo population belongs to E. barroisi s. str. Common in Oriental region. Recorded by Idris (1983) as Chydorus barroisi (Richard, 1894). Recently, several authors found that there are several different taxa in SE Asia (see review of Korovchinsky, 2013) , but our populations seem to be belonging to E. barroisi s.str., like it was previously found for Laos .
Discussion
Less than half of the 62 species recorded for Malaysia were found in Sabah by this study. Our study is a pioneer one, and tropical populations of the cladoceran are characterized by low densities, probably due to high fish predation (Dumont 1994) . Obviously, in such cases single sampling usually is not sufficient to reveal the whole diversity of water body. Our study probably reveals only most common species of the area in autumn season. The richest cladoceran fauna, 15 species, was found in the only studied paddy field (loc. 27). Such high diversity can be explained by low level of fish predation in this habitat, as paddy fields in Sabah are temporary water bodies, filled by rainwater. Two lakes (loc.11-12) and four ponds (loc. 9-10, 21-22) show diversity of 7-9 species each, the notable common feature of these water bodies was abundant development of submerged aquatic macrophytes, providing both habitat and shelter from fish predation for many cladoceran species. Diversity of cladocerans in other habitat types -ponds and lakes without developed submerged macrophytes, ditches, streams and swamps never exceeded five species. An important feature of Sabah fauna is extremely low proportion of planktonic species; only three (9.6%) of 31 species found were planktonic. But in our opinion, relatively low richness of cladocera in the present study can be attributed to several other factors. We were unable to sample in any of the large rivers of the area, but they are unlikely to have diverse cladoceran fauna due to strong current and heavy sediment load, rather unfavorable to Cladocera (see Dumont & Negrea 2002) . Obviously, the number of localities sampled is rather low, only 40 sites, but the fact reflects generally low abundance of small and medium-sized water bodies with favorable conditions for cladocera in the Sabah state. Absence of large natural lakes, habitats with most rich cladoceran fauna, can be one more factor limiting diversity of Cladocera here.
At the moment, fauna of Sabah has much less species than fauna of Mainland South-East Asia, as well as fauna of Philippines. Mamaril (2001) listed 49 species for Philippines, including 26 species of Chydoridae, but some of the names used in the list are wrongly applied. Recent extensive study (Pascual et al. 2014) revealed for Philippines only 16 species of cladocera from four families (five species of Sididae, two species of Moinidae, two of Bosminidae, and only seven species of Chydoridae); other families were not studied, but according to their data, in total 56 species of Cladocera were recorded for archipelago. Pascual et al. (2014) explained their result as recent loss of diversity, caused by anthropogenic activities. But in our opinion, a low richness of Chydoridae in their study was probably due to sampling bias, as all samples were taken by tow net (Pascual et al. 2014) , which is not effective for sampling cladocera associated with substrate. The highest amount of species of predominantly planktonic Sididae, Moinidae and Bosminidae in Philippines can be explained by the presence of numerous large and medium-sized lakes among the sampled sites in the area. Most of the species recorded for Sabah are present in Philippines as well. The only species not recorded for Philippines were Ilyocryptus yooni, Anthalona sp., Coronatella cf. acuticostata, Chydorus reticulatus and C. idrisi (see Korovchinsky 2013) but the last species can be confused with C. eurynotus (Sinev 2014) , which was present in Philippines.
Our study updated the taxonomy of Cladocera and revealed two new records for Malaysia. Presence of Ilyocryptus yooni in Sabah is rather unexpected, as this species is known from Far East of Russia, Japan, Korea and North China (Jeong et al., 2012) , and it was found on Hainan Island (Sinev et al., 2015 in press). Jeong et al (2012) characterized I. yooni as a benthic species, usually found in permanent lakes having broad, shallow water zones with well-developed littoral vegetation, but in Sabah it was found in small stream. Species of Ilyocryptus from mainland South-East Asia were intensively investigated recently, and two new species were described from the area (Kotov et al. 2005; Kotov & Sanoamuang 2004 ) but I. yooni was never recorded here (Korovchinsky 2013) . Such unusual pattern of distribution suggests it can be encountered on other islands north of Borneo, including Philippines. Presence of new, yet undescribed species of Anthalona in Sabah suggests that Chydoridae fauna of Indonesian archipelago can include endemic species as well as widely distributed Oriental species. So far, only one species endemic for the archipelago is Anthalona obtusa Van Damme, Sinev & Dumont, 2011 , also known only from Borneo.
Research of cladocera of Sabah and of Borneo Island in general should be continued, as study of the group diversity in Malay Archipelago is crucial for understanding zoogeographical patterns of plankton crustacean in Australasia.
